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BY FLORENCE MCKEOWN, M.D.
Department of Pathology, Queen's University
ONE of the most important steps in establishing the aetiology of any given disease
is the production of similar specific lesions experimentally. In the case of rheumatic
fever the precise causation has not yet been clearly shown, and preparatory to
some experimental observations, it was decided to examine in some detail the
lesions found in this condition.
In the early days the presence of rheumatic fever was recognised by the occur-
rence of small vegetations on the valves of the heart, accompanied sometimes by
myocarditis and pericarditis. The association of acute rheumatism with a specific
pathological lesion was first described by Aschoff in 1904, who observed that small
nodules composed of large histiocytic cells occurred in the vicinity of the coronary
arterioles. These have since been calledl Aschoff nodules, and their presence in the
heart is the hallmark of active rheumatic infection. Their distribution is widespread,
occurring in the valves, the endocardium, the interstitial and septal connective
tissue of the myocardium, and in the pericardium.
More recent observations on the pathology of rheumatic fever suggest that
although the Aschoff nodule is essentially the specific lesion of rheumatism, there
are other less commonly recognised lesions which, though not specific in them-
selves, mav be regarde(d as such vhen accompanied by Aschoff nodules. Attention
has been drawin to the occurrence of rheumatic arteritis, aortitis, rheumatic
pneumonia an(d nephritis, and the conception is growing that rheumatic fever is
a disease process which may have widespread visceral manifestations. Pappen-
heimer and Von Glahn (1926) described lesions of the peripheral blood vessels in
ten out of forty-seven cases of acute rheumatism, while Friedberg and Gross (1934)
noted in several cases extensive involvement of the arterial system resembling
polyarteritis nodosa.
Eighteen cases of acute rheumatic fever and eighteen cases of mitral stenosis
were available for study, and an examination of these was undertaken, first of all
to analyse the structure, evolution, and distribution of the Aschoff nodule in the
heart; secondly, to observe the degree of involvement of the coronary arteries, and
lastly to decide, by an examination of all the organs from these cases, in what
measure the pathological findings afford evidence that rheumatic fever is not only
a disease of the heart, but of the whole vascular system.
Since the cases available presented considerable variation in the clinical duration
of the disease, there was accordingly great variation in the histological picture,
and it became possible, by correlating the morphological findings with the duration
of the symptoms, to trace the stages in the evolution of the specific rheumatic
lesion.
.97It is intended to discuss the findings in these eighteen cases in the following
sites-
1. Myocardium.
2. Endocardium.
3. Valve, valve-ring, and angle.
4. The coronary arteries.
a. Aorta.
6. Viscera.
THE ASCHOFF NODIJLE OF THE MYOCARDIUM.
This was found to be present in the myocardium in fifteen out of eighteen cases.
From a study of the cases in which symptoms had been present for a very short
time, it became apparent that the first stage in the development of the Aschoff
nodule was swelling and fibrinoid necrosis of connective tissue fibrils in small focal
areas, usually in the vicinity of the coronary arterioles (plate 1).
It was then observed that the appearance of fibrinoid necrosis was followed by
an inflammatory reaction composed chiefly of polymorphs, with a few lymphocytes
and eosinophils. These cells surrounded and infiltrated the damaged area (plate 2).
As yet the nodule was a non-specific lesion and only assumed its characteristic
mature form when the large mononuclears or multinucleated cells appeared. These
gradually replaced the polymorphs, many of which became pyknotic, and nuclear
fragments could be recognised in the centre of the nodule (plate 3). The mono-
nuclear cells were present first at the periphery, but eventually were situated more
centrally as they became the predominating cell type, and were generally surrounded
by a mantle of lymphocytes and an occasional Anitschkow cell, showing the nuclear
characters, to which attention was first drawn by Anitschkow (plate 4).
In the fully developed nodule necrosis of collagen was not so conspicuous a
feature. The nodule at this stage was observed to be one of two types, coronal
or reticular. The coronal Aschoff body, found mainly in the interstitial connective
tissue was composed of large mononuclear cells, arranged in rosette fashion around
a central zone of necrotic collagen. In the reticular type, which occurred princi-
pally in the connective tissue septa of the heart, the cells tended to lie in an
irregular manner between swollen collagen fibrils. The large mononuclear, or
Aschoff cell, merits further description. It was observed to be of considerable size,
frequently multinucleated, with basophilic cytoplasm. The nucleus was relatively
large, lobular or 'budding,' and when multinucleated the number of nuclei was
small, and they were located centrally in close proximity to each other. The nuclear
membrane was well marked, while the chromatin formed fine dust-like particles
or irregular concentrations in the centre of the nucleus. These cells are probably
histiocytes, which become active following damage to the myocardial connective
tissue.
The next stage in the evolution of the Aschoff nodule was seen to be the stage
of repair or organisation. Necrotic collagen disappeared from the centre of the
nodule, and polarisation took place. The cells became elongated, and were
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which were directed in the long axis of the connective tissue septa of the heart
(plate 6). This process of polarisation may well be dictated by mechanical factors.
The mononuclear cells became more and more spindle-shaped, and eventually
appeared as fibroblasts. At this stage the lesion resembled a rather cellular scar
(plate 7). As healing proceeded the lesion became quite acellular, and terminated
in a fine fibrillar paravascular scar.
From these observations it was possible to divide the whole process from
necrosis of collagen to paravascular scarring into definite time periods and to draw
conclusions as to the duration of the lesions. These stages of development were
recognised by Gross and Ehrlich (1934). Thus in the early weeks and up to the
end of the first month focal necrosis of connective tissue followed by an inflam-
matory response is probably as far as the process advances. During the second
month the mature Aschoff nodule is present, and towards the end of this period,
i.e., about the eighth week, polarisation commences. The later phases are repre-
sented by polarised Aschoff nodules, and these are likely to be found during the
third to the fifth month. The fibrillar Aschoff nodule occurs after the sixth month,
and complete healing is generally established by the ninth month, after which
period it is impossible to age the Aschoff lesion.
It was interesting to note that in many cases various stages of development of
the nodule were present in the same heart, indicating that what appears clinically
to be one attack of rheumatic fever, consists in successive episodes of myocardial
injury, and with each episode there develop fresh foci of connective tissue damage.
The occurrence of paravascular scarring is also of importance, for its presence
in the myocardium may be the only indication of a previous rheumatic carditis. The
frequency with which it is found in routine post-mortem material, especially in
cases which give no history of previous rheumatic infection, suggests that in this
country, at any rate, subclinical attacks of rheumatic fever must be of common
occurrence.
ENDOCARDIUM.
Endocarditis was present in eight out of eighteen cases. As elsewhere in the
heart, the characteristic lesion of rheumatic endocarditis was seen to be the Aschoff
nodule (plate 8). It was most commonly fouhd in the endocardium of the posterior
wall of the left auricle. It usually occurred in the middle or outer layers and
frequently in the subendocardial tissues. It was generally of the coronal type and,
as in the myocardium, it passed through certain stages of development. Necrosis
of collagen in the acute phase was a prominent feature, and this was accompanied
by a polymorph reaction, which later gave way to large mononuclear cells. Two
other types of lesion were observed. In the first type, Aschoff cells were present,
but were not arranged in node formation. The cells tended to lie in palisade manner
along bands of necrotic collagen. This change was confined mainly to the middle
layer of elastic and connective tissue, and was quite extensive throughout the
length of the endocardium. In the second type of lesion, the band of necrotic
collagen was subendothelial in position, while on either side of this band were
'99darkly staining cells, spindle shaped -and intermingled with polymorphs, which,
on the inner aspect, replaced the surface endothelium (plate 9). This lesion is not
in the generally accepted sense specifically rheumatic, but has been described by
Pappenheimer and Von Glahn (1927), who believe it is as characteristic of rheumatic
endocarditis as is the Aschoff nodule. When no nodules were present in the
endocardium, there was frequently a generalised inflammatory infiltration with
lymphocytes and polymorphs.
As healing proceeded, Aschoff nodules and inflammatory cells disappeared,
capillaries penetrated into the outer half of the endocardium, and fibroblastic
proliferation occurred. In recurrent cases it could be seen that previous episodes
of endocarditis had led to a great thickening of the endocardium, most marked in
McCallum's patch (posterior wall of left auricle), where it was possible to appreciate
the thickening and wrinkling of the endocardium even on naked-eye examination.
VALVE RING, VALVE ANGLE, VALVE.
In the present study, the mitral valve was involved in twelve cases, while
occasionally there was an accompanying aortic and tricuspid valvulitis.
Gross and Friedberg (1936) have drawn attention to the importance of the valve-
ring lesion in rheumatic fever, which almost always accompanies a lesion of the
valve leaflet. And so, brief mention will be made of the type of lesion which was
encountered in this region.
Vascularisation was a common feature, sometimes by capillaries or vessels
showing intimal muscular hyperplasia. The extent of the inflammatory infiltration
depended on the stage of the rheumatic process. If early, polymorphs, eosinophils,
and lymphocytes were present. Plasma cells and Anitschkow cells occasionally
predominated, while Aschoff cells, either singly or in nodules, occurred frequently.
Areas of necrotic collagen were observed sometimes communicating with similar
necrosis in the valve angle. On one occasion the arterioles showed fibrinoid
necrosis of their walls and were surrounded by areas of haemorrhage.
If recurrent attacks of rheumatic carditis had occurred, there was extensive
fibrosis of the valve ring with excessive vascularity. In several cases it was noted
that in the absence of an active valve ring lesion there was an acute valvulitis of
the leaflet distal to the ring.
Valve-angle lesions were also noted. These were always accompanied by some
degree of infiltration of the valve ring. Extensive endocardial and subendocardial
accumulations of cells were present. Large mononuclears, lymphocytes, poly-
morphs, eosinophils tendled to project from the endocardial surface, the endothelium
having disappeared. Sometimes the cells were arranged in palisade to the surface.
More frequently, however, the cells infiltrated the subendocardial layer diffusely.
Sometimes deeply basophilic cells with multiple nuclei were present, especially in
association with necrosis of collagen in the valve angle (plate 10). Necrotic
collagen occasionally extended right to the surface of the valve angle and projected
as a small verruca. As healing occurred fibrosis followed. In recent cases this
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valve angle, later proceeding to hyalinisation and even calcification.
Valve.-The first stages of valvulitis were recognised by a generalised swelling
and cedema of the valve substance, especially in the spongiosa layer. Frequently
the valve was infiltrated by polymorphs, lymphocytes, and an increased number of
Anitschkow cells, an inflammatory reaction quite non-specific in character. This
was particularly noticed in the tricuspid, pulmonary, and aortic valves, in the
absence of any other more specific valvular lesion. The ingrowth of new capillaries
from the valve ring along the spongiosa layer was an almost constant accompani-
ment of an acute valvulitis, and occurred at an early stage. Occasionally vasculari-
sation of the ventricularis was also seen, while in recurrent attacks of valvulitis,
muscularised vessels were constantly present. Aschoff nodules were of common
occurrence. As in the myocardium, all stages of development were encountered.
When these were present near the surface of the valve, they led to changes in
the overlying endocardium, but when well within the valve substance they were
associated with cedema and generalised inflammatory infiltration, but the endo-
cardial cells remained intact. Fibrinoid necrosis of collagen occurred, giant cells
were frequently seen, usually in node formation, but sometimes, as in the valve
ring, there was a diffuse infiltration. The Aschoff nodules sometimes showed
polarisation, generally in relation to small blood-vessels in the spongiosa layer.
A special study was made of the rheumatic vegetation to try to determine what
changes within the valve led to its formation. Of importance in this respect was
the presence in the valve of Aschoff nodules in which necrosis of collagen was a
conspicuous feature.- Since these were associated with cedema and increased
tension, they tended, as any inflammatory process does, to spread along the line
of least resistance, that is, towards the surface of the valve, and eventually to
project above it. Aschoff nodules in all stages of extrusion were seen. Eventually
the nodule, which was once subendocardial, became well elevated above the surface,
and what was originally the central zone of necrotic collagen, was observed to
form a hyaline 'cap' to the vegetation, while in its base Aschoff cells were still
recognisable (plate 11). In its early stages the vegetation still preserved its thin
covering of endocardial cells, but eventually this became necrotic, and with the
deposition of platelet thrombi the vegetation rapidly increased in size. Other
vegetations showed evidence of healing, fibroblasts and capillaries being present in
their base. Organisation took place, and as contraction and shrinkage of the
fibrous tissue occurred, the vegetation was drawn into alignment with the valve
surface.
In the past a great deal of stress has been laid on the formation of a rheumatic
vegetation by deposition of blood platelets on the surface of the abraded endo-
cardium. It seems, however, that the primary mechanism is an extrusion of
necrotic collagen on to the surface of the valve. These small verruce are present,
not only along the line of closure, but almost anywhere on the valve surface,
auricular or ventricular. They are mostly microscopical in size, and it is only when
they occur along the line of closure that the additional factor of mechanical impact
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on naked-eye examination.
An uncommon type of valve lesion was occasionally seen, in which Aschoff cells
were arranged in palisade manner. beneath the valvular endocardium. Their
presence in this position was associated with necrosis of collagen on the surface,
and with the deposition of a thin layer of platelet thrombi.
Extensive vascularisation of the valve, especially in the auricular layer, was a
constant feature of the healing stage. In mitral stenosis the valve was found to
be grossly thickened by hyaline fibrous tissue which sometimes had undergone
calcification, Vascularisation with vessels of the intimal musculo-elastic hyper-
plastic type was always present, and the persistence of these in a valve which
showed fibrosis was always found to be evidence of a past episode of rheumatic
valvulitis.
CORONARY ARTERIES.
With the growing recognition of rheumatic fever as a disease of the whole
vascular system, attention has been drawn in recent days to the lesions which may
occur in the main coronary arteries and their branches. Passing reference has
been made in the older literature to the possible presence of such lesions, but
their significance as part of the rheumatic process was not always appreciated.. It
was, therefore, considered of importance in this study to examine with care the
coronary vessels to determine the frequency and extent of their involvement and to
decide whether the type of lesion is essentially rheumatic in origin.
In all of the eighteen cases it was possible to find some degree of involvement
of the coronary arterial system. The lesions varied greatly in their severity, but
the more acute the rheumatic attack the more easily was their presence recognised.
The main coronary arteries, as well as the smaller arterioles were equally involved.
A common finding was a generalised infiltration of the arterial wall by polymorphs,
eosinophils, lymphocytes, and Anitschkow cells. Sometimes the inflammatory
infiltration was confined to the adventitia, while elsewhere there was a well-marked
panarteritis, accompanied by extensive proliferation of the subendothelial tissues,
and cedema of the media.
Fibrinoid necrosis of the media was a very characteristic finding. In its earliest
stage the affected media assumed a hyaline eosinophilic appearance with absence
of nuclear staining, swelling, and loss of definition of the individual muscle fibres
(plate 12). This sometimes was segmental in its distribution, affecting only an arc
of the circumference, but frequently the whole arterial wall became necrotic. If
very extensive, fibrinoid necrosis of the adventitia occurred, associated with an
accumulation of fibrin, red cells, and large mononuclears beneath the endothelium.
and in one vessel thrombosis had developed. At first, fibrinoid necrosis of the
artery was unaccompanied by any cellular reaction, but eventually polymorphs
appeared in large numbers in the adventitia and invaded all coats of the vessel
(plate 13). This acute type of lesion was present in five out of eighteen cases, and
the pathological process which it most closely simulated was polyarteritis nodosa.
A third type. of lesion, and one which can be regarded as entirely specific, was
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vessel wall. When in the adventitia the infiltration was either diffuse, focal, or in
palisade arrangement, and was quite distinct from the paravascular Aschoff nodules.
It was quite common to find Aschoff nodules in the media of small arterioles, and
here they were associated with focal areas of fibrinoid necrosis (plate 14). Occa-
sionally the Aschoff cells were present as a diffuse infiltration and extended into
the subintimal layer.
As healing proceeded, scarring of the media was a prominent feature. This was
quite distinctive and consisted in fibrous replacement of muscle usually only in a
segment of the circumference, and perhaps only in the inner or outer third of the
media (plate 15). Intimal and adventitial fibrosis also occurred. Some vessels
showed evidence of recurrent involvement, the muscle being replaced by fibrous
tissue and the adventitia thickened, while recent fibrinoid necrosis was present in
the media with perivascular infiltration of polymorphs and Aschoff cells. Gross
et al (1935) reported that in inactive cases of rheumatic carditis, previous arterial
involvement can be recognised by the earlier development of intimal hyperplastic
and fibrotic layers, and by the appearance of heavier elastification and scarring of
the media.
Eighteen cases of mitral stenosis (inactive) were therefore examined to determine
if possible the nature and degree of arterial change resulting from previous
rheumatic arteritis. As would be anticipated from a study of the arterial lesions
of the acute stage, medial fibrosis was a common finding and occurred in sixty per
cent. Muscularisation of the intima was another frequent lesion, but as intimal
change is more or less a physiological ageing process, it therefore would seem
that scarring of the media is of more significance. However, muscularisation,
fibrosis, and elastification of the intima were occasionally found in the very early
age group, at an age when such lesions would not normally be present and there-
fore can be accepted, especially in association with medial change, as a result of
involvement of the arteries in a previous rheumatic process.
In conclusion, it appears that the coronary arterioles are regularly involved in
acute rheumatism. All degrees of arteritis are encountered, the commonest being
a panarteritis with inflammatory infiltration of all coats of the vessel. Although
this is not specifically a rheumatic process, it has been described in only one other
disease-polyarteritis nodosa.
Then there is the more specific type of lesion where Aschoff cells and nodules
occur in close association with the coronary arterioles. As healing occurs there is
an earlier development of the normal age period changes in the artery, but probably
of greater significance is the presence of fibrosis of the media.
AORTA.
While- the occurrence of lesions of the coronary arteries in rheumatic fever has
frequently passed unrecognised, it has for some time been realised that rheumatic
aortitis is one of the manifestations of this disease. Pappenheimer and Von Glahn
(1924, 1926, 1927) have published several papers on this subject, and they frequently
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infiltrations of Aschoff cells in the media, later proceeding to the formation of
wedge-shaped scars around the vasa vasorum.
In this study, aortic lesions were present in six out of eighteen cases. There was
a diffuse inflammatory infiltration of the intima in five aortas. The cells present
were mainly lymphocytic with occasional polymorphs. No Aschoff cells were seen.
In one aorta the inflammatory cells were arranged in palisade manner beneath the
surface endothelium. In the media lymphocytic cuffing of the vasa vasotum
occurred, with prominence of the endothelial cells lining these vessels. Occasionally
large mononuclear cells of the Aschoff type were seen. Underlying areas of intimal
proliferation, the media frequently showed extensive necrosis, recognised by
absence of muscle nuclei, and sometimes cystic degeneration.
The type of lesion in the adventitia depended on the duration of the rheumatic
process in the heart. When this was in the acute stage, fibrinoid necrosis of collagen
was present in the adventitial fibrous tissue. Polymorphs, lymphocytes, and large
mononuclears were found in large numbers. In four cases Aschoff nodules were
seen (plate 16). These were larger than the nodules found in the myocardium, their
arrangement was reticular and coronal, and they terminated in polarisation and
fibrillar scarring (plate 17). In cases in which no active lesion was seen, there were
certain findings which suggested a previous rheumatic aortitis. Fibrous thickening
of the intima was observed frequently, by itself of no significance, but its almost
constant association with healed lesions of the media and adventitia suggested
that the whole pathological picture might be the result of a specific type of arterial
damage. In the media there were large areas devoid of muscle nuclei. In one
case this was accompanied by compression of the elastic lamelle and disappearance
of muscle cells, while around the vasa vasorum were wedge-shaped scars. A
common finding in the adventitia was a peculiar laminated fibrosis which resulted
in dense adventitial thickening. When this was present there was no lesion of the
vasa vasorum which might suggest a syphilitic origin.
In conclusion, the presence of the Aschoff nodules in the adventitia in the acute
stage may be accepted as evidence of active rheumatic aortitis, but in the healed
stage intimal, medial, or adventitial lesions occurring alone are of no significance.
However, when there is a combination of all three lesions, intimal fibrosis, medial
scarring, and adventitial thickening, it is suggestive that rheumatic fever may
have been responsible for their development.
RHEUMATIC PNEUMONIA.
The recent intensive pathological study of the pulmonary changes in rheumatic
fever can be considered to have started with Paul (1928), who found that in fifty
per cent. there was a focal h,emorrhagic lesion which could be considered char-
acteristic though not specific. At about the same time Naish (1928) described what
he called a new type of pathological consolidation of the lung in rheumatic fever,
and termed the condition 'rheumatic lung.' Even more emphatic about the
specificity of rheumatic pneumonia was Fraser's report (1930), in which he
.104described vascular changes, proliferation, necrosis of alveolar walls, and typical
Aschoff nodules in the interstitial tissue of the lung.
There is much conflicting evidence regarding the specificity of the histological
findings in rheumatic pneumonia, but the evidence so far tends to suggest that
there is a pneumonia which is characteristic but not entirely specific.
PULMONARY LESIONS.
In seventy-five per cent. the most characteristic feature was widespread pro-
liferation of large mononuclear cells, these filled the alveolar spaces and were
unaccompanied by any other inflammatory cell type. Occasionally they contained
haemosiderin, but the picture was not that of chronic venous congestion. There
were usually extensive pulmonary cedema and alveolar haemorrhages. Septal cell
proliferation, cedema, and haemorrhage generally occurred together, and presented
quite a characteristic microscopical appearance. Associated with pulmonary
oedema was the formation of hyaline membranes. These were bright eosinophilic
bands which lined the alveolar ducts and alveoli. They stained more deeply and
were quite distinct from the cedema fluid with which they were associated (plate 18).
In two cases there was fibrinoid necrosis of the walls of the pulmonary arterioles,
and in one vessel in the interlobar septum there was perivascular necrosis of
collagen. Focal alveolitis was observed in three cases. This consisted of fibrinoid
necrosis of a small segment of the alveolar capillary wall with subsequent throm-
bosis, exudation of fluid, and infiltration by inflammatory cells (plate 19).
The microscopical appearances suggest an inflammatory type of oedema, in which
there is an increased permeability of the alveolar capillaries with exudation of fluid
and red cells, proliferation of septal cells, and formation of hyaline membranes.
In conclusion, it may be said that a specific type of rheumatic lung cannot be
considered to exist, but 'a characteristic pulmonary picture is often present.
SPLEEN.
Occasionally it has been observed that the spleen and lymph glands are enlarged
during an attack of rheumatic fever. No microscopical changes, however, have
been described in the spleen in this condition.
In the search for possible visceral manifestations of the rheumatic process, there
were observed in three cases splenic lesions which might be considered specific.
The central arterioles of the Malpighian bodies were surrounded by numbers of
polymorphs. These were confined mainly to the adventitia and were distinct from
the adjacent zone of lymphocytes. The lesion was a periarteritis quite like that
described in the coronary vessels. As healing occurred, extensive periarterial
fibrosis resulted. In support of a possible rheumatic aetiology for this splenic
lesion, it was frequently noted in cases of healed rheumatic carditis and mitral
stenosis that there was an excessive degree of periarteriolar fibrosis in the spleen.
KIDNEYS.
Klotz (1913) was the first to draw attention to the constancy with which wide-
spread lesions occur in the arterioles of the viscera in rheumatic fever. In the
.105kidney he observed a non-suppurative perivascular infiltration in relation to -the
smaller blood-vessels. Pappenheimer and Von Glahn (1926) describe extensive
lesions of the renal arteries, with swelling of the endothelium, fibrinoid necrosis of
the media, and periarterial infiltration by polyrhorphs and large mononuclear cells.
They believe that the vascular lesions most closely resemble polyarteritis nodosa,
from which they differ in only very fine detail.
Renal vascular lesions were present in only one of the cases under examination.
These included fibrinoid necrosis of arteries, afferent arterioles, and glomerular
capillaries. Necrosis of collagen in the adventitia was sometimes present. This
was a case of early acute rheumatic fever, so that the absence of any periarterial
inflammatory reaction was explicable on account of the short duration of the
rheumatic process.
CONCLUSIONS.
This morphological study of eighteen cases of acute and eighteen cases of healed
rheumatic fever indicate that the lesions of this disease are more widespread than
is generally appreciated.
In the heart, the specific lesion, the Aschoff nodule, occurs in the paravascular,
interstitial, valvular, and subendocardial tissues. It has been shown to undergo
a remarkably constant evolution, beginning as a necrotic lesion of the fibrous
tissue, it is soon manifested by an acute non-specific inflammatory infiltration,
which in turn gives way to the focal aggregation of a rather peculiar form of
histiocyte-the Aschoff cell. These cells appear to undergo an evolution into fibro-
blasts with the production of collagen, the process eventually terminating in the
formation of a fibrillar scar, the only characteristic of which is its site.
Accompanying this specific lesion is an arterial damage which, though consisting
of a non-specific fibrinoid necrosis and associated inflammatory infiltration, is
remarkably constant. The vascular lesion is usually, but not always, confined to
the coronary system. In the present analysis it has been encountered in the lungs,
spleen, aorta, and kidneys.
The changes in the valve are of predominant importance. In this study it has
been revealed that the forrnation of vegetations is a more complex process than
is generally appreciated. Necrotic foci of collagen may, by reason of the associated
cedema and swelling, project from the surface of the valve, and with the subsequent
loss of the covering endocardium become coated with platelets and a film of fibrin.
A similar end result may develop upon an immediately subendocardial Aschoff
nodule. The development of macroscopic verruca is, however, partly dictated
by mechanical factors, and it is these which appear to be of importance in the
determination of the common site of these lesions on the lines of valvular closure.
The frequent implication of the aorta in the rheumatic process was of interest,
for it strengthened our evidence in favour of the conception that rheumatic fever
is essentially a disease of the whole vascular system. Of further importance in this
connection was the occurrence of pulmonary arterial lesions and occasional involve-
ment of the splenic and renal vascular system.
It is generally believed in rheumatic fever that the heart is the site of maximum
106damage, but from these observations it is suggested that all tissues of mesenchymal
origin, especially the vascular mesenchyme, are liable to be involved, and no matter
where the rheumatic lesion occurs, and no matter what aetiological agent is respon-
sible for its production, the nature of the tissue damage is fundamentally the same,
the process being constant in its histological appearance, showing modification in
different sites, dictated by the essential structure of the tissue involved.
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REVIEWS
A HANDBOOK ON DISEASES OF CHILDREN. By Bruce Williamson, M.D.,
F.R.C.P. Edinburgh: E. & S. Livingstone Ltd.
BRUCE WILLIAMSON'S 'Children' has reached a fourth edition. It has already achieved an enviable
niche in pediatric literature, and the new edition will assuredly deepen the niche.
The subject matter is most conveniently arranged. Little space is wasted on academic specula-
tion or 'collector's' diseases. The author's concise and readable style is refreshing in these days
of prosy textbooks. The chapters on disorders of the heart and circulation are particularly good;
infant welfare and 'artificial feeding' are treasure-trove to the harassed student. The production is
fully pre-war standard, and the plates and diagrams are admirably selected and arranged. This
little book might have been titled 'P;edriatics without Tears.' T. H. C.
THE DEVELOPMENT OF INHALATION ANiESTHESIA, 1846-1900.
THE Wellcome Historical Medical Museum has arranged to publish, in conjunction with the
Oxford University Press, an important work on "The Development of Inhalation Anesthesia
from 1846 to 1900," by Dr. Barbara M. Duncum, of the Nuffield Department of Anasthetics,
University of Oxford, and formerly on the staff of the Wellcome Historical Medical Museum.
The work is to be the first of the Museum's post-war series of Research Studies in the History
of Medicine. It deals exhaustively with the history of inhalation anaesthesia in England, the United
States of America, and on the European continent, from the scientific and clinical points of view,
and shows, as well, the influence of general current events upon this branch of surgery. Most
important features of the work are its investigation of the various changes of opinion in regard to
the physiological action of anaesthetics, the evolution and practical application of inhalers and other
apparatus, and the introduction and adoption of anasthetic drugs, during the period under review.
This work, which is illustrated by over 160 photographs and drawings, should prove of especial
interest to the student of medical history, and, since it shows how modern anaesthetic methods
have grown from nineteenth-century beginnings, should be of great practical value to anasthetists
and research workers in anasthetics.
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Plate 1 Plate 2
Aschoff nodule: first stage showing fibrinioid Second stage with focus of necrotic collagen
necrosis of collagen. infiltrated by polymorphs.
Plate 3
Polymorph reaction subsiding and mono-
nuclear Aschoff cells appearing.
Plate 4
Mature nodule: focal aggregation of Aschoff
cells, necrosis of collagen less conspicuous.THE PATHOLOGY OF RHEUMATIC FEVER
Plate 5
Eailv polarisatioin, cells becoming oval and
orientated in parallel lines.
Plate 6
Higher power: showing the typical Aschoff
c(lls becoming fusiform.
Plate 7
Aschoff nodule: almost healed, forming a
slightly cellular fibrillar paravascular scar.THE PATHOLOGY OF RHEUNIATIC FEVER
Plate 8
Aschoff nodule in endocardium.
Plate 9
Endocarditis: subendothelial band of necrotic
collagen wvith surface proliferation of cells.
Plate 10 Plate 11
Valve angle: showing necrosis of collagen Mitral valve: verrucae composed of hyaline
ain(l infiltration of adjaceint valve ring. cap of collagen with covering of endo-
thelium, and Aschoff cells in hase.THE PATHOLOGY OF RHEUNIATIC FEVER
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Plate 12 Plate 13
Coronary artery: fil)rinoid necrosis of seg- Coroinary artery acute panarteritis.
ment of vessel.
Plate 14 Plate 15
Arteriole showing suhendothelial accumula- Healed arteritis patchy fihrosis of the
tion of fihrin, Aschoff cells in adventitia andl media.
in media.THF PATHOLOGY OF RHI-ii'u\IAI'Ic FEVER
Plate 16
Aortitis: AscIoff no(lule in adIventitia.
Plate 18
Rheumatic pineumoniia: hyalinie memb)rane
lininig alveolus.
Plate 17
Aortitis: nodlcu in adventitia unidergoiIng
polarisatioIn.
Plate 19
Alveolitis: thrombosis of capiliry with
iinflammatory infiltratioin.
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PLATE 20
The Evolution of the Aschoff Nodule
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